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HAVE YOU DECIPHERED
THE QUANTUM NATURE
OF GRAVITY?!

ScienceTalk

NOT UNTIL MY BRAIN
GETS INTO A
'‘QUANTUM ENTANGLEMENT'.
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In search of the theory of everything

Finding a way to unify the laws of quantum
physics with Einstein’s general relativity
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¢ Vlatko Vedral

¢ We take it for granted that gravity
i acts to keep us on the ground and to
: keep Earthin orbitaround the sun.

But if we look at the atoms that

: make up our bodies, and at the
: smaller particles that make up
. those atoms, there’s a mystery.

The problem is that small objects

i such as atoms and subatomic parti-
: cles obey the laws of quantum
: physics, which are very different
: from the laws of gravity that govern
¢ the behaviour of large systems such
i as planets, stars and galaxies. Both
i quantumphysics and Einstein’s the-
: ory of gravity have been very suc-
¢ cessful in their own domains. But
: theyjustcannot be unified.

For theoretical physicists like me,

¢ this is a nagging problem. We can't
¢ ignore such a big rift in our under-
: standing of how the universe works.
i We are intrigued by this unknown
: andwanttounravel the mystery.

The main troublemaker is a princi-

¢ ple of quantum physics, the super-
: position principle, stipulating that
¢ all objects can exist in two or more
¢ locationsat the same time.

If that idea seems strange to you,

: don’t worry: Scientists have proved
: that particles play this trick but we
: stillargue over how they doit.

Gravity, on the other hand, can

: onlybeunderstoodasa forceemerg-
: ing from an object that exists at only
: one well-defined position at any
i giventime,

So what happens if you try to

: meld the two theories?

There are already some exciting

: predictions coming from the do-
: mains where both gravity and quan-
¢ tum physics matter.

The most stunning one is that

¢ black holes are not really black. Ac-
¢ cording to Einstein’s theory of grav-
: ity a black hole is such a massive
: and compact object that nothing
¢ can escape its gravitational grip.
i And this includes light, which is
: whytheyare called black holes.

However, when we try to under-

¢ stand black holes quantumly - the
: late and
. Stephen Hawking was the first per-
i sontodoso in the early 70s - it tran-
¢ spires that they are capable of emit-
: ting light and other particles. This
: phenomenon, which is so small that
: it has not yet been observed, is
¢ knownas the Hawking radiation.

renowned physicist

But many people, including my-

¢ self, remain unsatisfied. We have
: been hunting for other effects to
¢ measure. Hawking's result still uses
¢ ordinary Einstein gravity and quan-
¢ tum physics separately, and notasa
i unified theory of quantum gravity.

Other predictions have also

: proved extremely hard to test in
: practice — to the point that some
¢ even doubt that gravity can support
: quantum effects. This includes spec-
: ulations that quantum physics will
: collapse when gravitational forces
¢ are strong enough. So I decided to

start to imagine what it would mean
to have gravity and quantum
physics working together in one and
thesame domain, and be able to con-
firm that gravity is quantum experi-
mentally. A breakthrough came last
year when a colleague of mine, Dr
Chiara Marletto, and I sketched out
an experiment that would test the
quantum nature of gravity.

If we put a massive molecule in
two places at the same time, in a
quantum superposition of two dif-
ferent locations, it would generate
a gravitational force that cannot be
described in Einstein’s gravity.

However, Dr Marletto and 1 re-
alised that we need not worry about
this failing. If we put another mas-
sive molecule close by, then we
would be able to probe the nature
of the gravitational force generated
by the first molecule being in two
placesat the same time.

No one has thought of using two
quantum objects to probe the na-
ture of gravity before.

Our amazing conclusion is that if
the gravity that couples these two
molecules together is indeed quan-
tum, it would make the second mol-
ecule be in two different positions
at the same time too.

Therefore, by testing if at the end
of the experiment both molecules
exist in two positions at the same
time, a state known as quantum en-
tanglement, we would reveal the
quantum nature of gravity.

We have already been ap-
proached by several people who are
interestedin performing the test.

Many ideas about quantum grav-
ity areuntestable, soit is exciting to
have an experiment that could be
performed inlabs today.

These are the first steps towards
reconciling our best understanding
of the microworld - quantum
physics — with our best description
of the macroworld - Einstein’s gen-
eral relativity,

What could be other conse-
quences of quantum gravity? One is
that quantum gravity would be trans-
mitted across distances through par-
ticles called gravitons, the same way
that the electromagnetic forces are
transmitted through photons, parti-
cles of light. No one has detected
gravitons yet, as they would be tiny
and meagre, but some theories pre-
dict they could exist.

Also, our macroscopic intuition
about causality would be violated.
We expect that a TV switches on af-
ter we press the remote control.
Pressing the remote control is the
cause for the TV to switchon.

In classical gravity, there is a
strict relationship between such
causes and effects. Einstein’s the-
ory says that gravity is just a mani-
festation of the causal structure of
events in the Universe, ordering
them into causally connected and
disconnected ones.

In quantum gravity, causes and ef-
fects could be reversed. The TV
could go off before we touch the re-
mote control. In fact, the two or-
ders, TV goes off before or after the
remote control was used, could
evenexist at the same time.

Quantum physics has already rev-

olutionised our technology. It un-
derpins modern electronics from
computer chips to GPS, and it prom-
ises a new generation of devices for
computing, communication and
sensing.

For example, computers that run
on quantum rules will be able to
solve problems that are beyond the
reach of existing classical comput-
ers, such as searching big data and
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cracking encryption. My colleagues
at the Centre for Quantum Tech-
nologies in the National University
of Singapore, along with university
researchers and companies in
many other countries, are working
onideaslike these.

Unifying quantum physics with
gravity could open new frontiers. It
may lead to an even bigger transtor-
mation for humanity. One specula-

tive idea is that a unified theory
could enable us to design a univer-
sal quantum constructor, a ma-
chine that can perform any physi-
cal transformation of matter, in-
cluding self-replication.

If humanity gives birth to such
universal machines, it might help
our civilisation endure in time.
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